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SUMMARY 
In unsalted butter made from sweet cream "'ith butter culture 
there .was commonly a striking production of acetylmethylcar-
binol plus diacetyl when the butter was held at a temperature 
permitting activity of the butter culture organisms. Under these 
conditions also the pH of the butter markedly decreased. The 
production of the carbinol plus diacetyl varied widely with dif-
ferent lots of butter held under the same conditionS. The largest 
production occurred at the higher holding temperaturf's and in 
samples which developed the lowest pH values. Occasionally 
the amount of the carbinol plus diacetyl decreased during the 
first few days of holding; this decrease was sometimes followed 
by an increase. A striking produc.tion of the carbinol plus 
diacetyl was sometimes followed by a decrease. 
In salted butter no conspicuous production of acetylmethyl-
carbinol plus diacetyl occurred even when but little salt ,yas 
added, and significant changes in the pH did not take place. 
'l'he production of acetylmethylcarbinol plus diacetyl in un-
salted butter was usually greater with a 181'ge addition of butter 
cu1ture to the cream than with a small addition, and, in some 
cases, it was conspicuously increased by adding citric acid-fer -
menting streptococci along with the usual butter culture. 
Changes 10 the Acetylmethylcarbinol 
Plus Diacetyl Content of Butter l 
By W. L. SLA'Fl'ER' A~D B. 'V. ILoDIElt 
Fresh butter made ,yith butter culture often lacks the flavor 
and aroma that it attains later. 'Phis is espe~iall)' true of un-
salted butter and may be due to the prod udion o'f flavor and 
aroma materials in the butter by the culture organisms. High 
flavor and aroma in butter that are present soon after churning, 
or that develop on standing, may disappear as the butter is held, 
particularly ,yhen the holding temperature is comparatively 
high . 
The flavor and aroma of the cultures that are used in develop-
ing a desirable flavor and aroma in butter are due to various 
chemical compounds. Volatile acids, especially acetic acid, have 
long been ,considered of impqrtance in this connection. Recently 
different investigators (2) have shown that diacetyl is an im-
portant aroma material in both butter cultures and butter, and 
it appears that its source is acetylmethylcarbinol. 
Because of the apparent importance of acetylmethylcarbinol 
plus diacetyl from the standpoint of the flavor and aroma of 
butter, an attempt ,,,as made to study (a) the chang-es that these 
materials undergo in butter, and (b) the factors which influence 
the changes. The two compounds were determined together 
because c1iacetyl occurs in such small amounts that its determina-
tion alone in a material like butter presents serious difficulties. 
PROCEDURE AND METHODS 
The general procedure used in studying the changes in the 
acetylmethylcarbinol plus diacetyl content of butter was to store 
the butter at different temperatures and determine these ma-
terials after various holding periods. The tria ls involved both 
unsalted and salted butter. A temperature of '70°F. was in-
cluded in some of the early trials, but this temperature softened 
the butter to such an extent that the boclv was not normal when 
the butter was again hardened, and 60°F. was the highest tem-
perature used in the later trials. 
Most of the butter was obtained from commercial churnings 
made in the Iowa State College butter laboratory. Except for 
one churning, all of the butter was made from cream that origi-
'Project No. 127 of the Iowa Agri cultural Experiment Stntion. 
2Research fellow under a grant from the D-airy and I ce Cream Machinery and 
Supplies Association, Inc. 
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nally contained uncleI' 0.2 percent acid. The cream \ras pas-
teurized, neutralized to approximately 0.10 percent acidity, 
cooled to 36 °F. and allowed to stand overnight, with from 8 to 
10 percent butter culture added, after \rhich it \yas adjusted to 
the desired temperature and churned. Citric acid ,,·as used in 
preparing the butter cultures. 
'1'he unsalted butter was removed from the churn just before 
the time when the salt is ordinarily added, while the salted butter 
,yas removed after the desired salt and moisture had been incor-
porated. '1'he unsalted butter contained from 13 to 14 percent 
moisture, while the salted butter contained approximately 16 
percent; the salt content was about 2.5 percent except when lower 
salt concentrations were being studied. 
In the trials on the effect of various salt 00ncentrations on 
the acetylmethylcarbinol plus diacetyl content ·of butter, portions 
of unsalted butter were taken from a commercial churning and 
placed in a 60-pound churn to be worked after the desired amount 
of salt and water had been added. The butter used to study 
the effect of various amounts of butter culture on the acetylmeth-
ylcarbinol plus diacetyl content was made in special churnings 
from cream which had been processed in the usual manner and 
placed in 10-gallon cans; various amounts of butter culture 
were added to the cream and the mixtures allowed to stand over-
night at about 36°F. after which the cream was adjusted to the 
desired temperature and churned in a 60-pound churn. 
In all cases the finished butter ,,"as made into I-pound prints, 
wrapped in parchment paper and stored at different tempera-
tures until analyzed. 
The acetylmethylcarbinol plus diacetyl content of the butter 
was determined with the method employed by Michaelian and 
Hammer (3). The results were expressed as the weight of nickel 
dimethylglyoximate equivalent to the acetylmethylcarbinol plus 
diacetyl per 400 grams of buttel~ . For the pH determinations 
the butter was melted and the serum and fat separated by cen-
trifuging. After the fat had been remo.ved by suction, the tube 
containing the serum was placed in ice water to solidify any fat 
which remained in the serum. '1'he pH of the serum was then 
determined electrometrieally, using a quinhydrone electrode. 
RESULTS OB'1'AINED 
Table 1 shows the changes in the acetylmethylcarbinol plus· 
diacetyl content of unsalted butter. At the churn the different 
lots of butter contained varying amounts of acetylmethylcarbinol 
plus diacetyl. 'Vhen the butter was held at 0°, 3:1:°, or 44°F. 
these amounts ,yere sometimes increased and sometimes decreased, 
both the increases and decreases being more definite at 44°F. 
T.\llLE 1. CHANGES IN 'l'HE ACE'l'YLME'l'HYLCARllINOL PLUS DIACETYL CO)lTEN'1' AND THE pH OF UNSALTED BUTTER 
AT VARIOUS HOLDING TEMPERATURES. 
'l'RIAL 
c~~I~I~:~~s I 1 1 2 1 3 1 4 5 1 6 1 7 1 8 9 10 
'1'e111P'1 Time I A~: 1 A~c 1 A~c 1 pH 1 A~'C pH A~c 1 pH 1 A~'C pH A~c pH I A~"C p11 A~c I pH A~'C 1 pH 
Ac, Ac, Ac, Ac, Ac, Acz Acz Ac, Ac, Ac, 
-----------------------------------------------
I cl~utm 1.15 1 0.55 1 none 1 6.68 1 trace 6.33 0.35 1 6.52 0.90 6.64 2.55 6.07 1 1.40 6.37 1.35 1 6.08 1 2.60 1 6.18 ~ 28 da.lo::iOlo:6s-I--il------I-----I-I-=I=I=I= 
1 7 da'l 2.60 1 1.15 1 llone I 6.60 1 0.40 6.39 1 1 1 1 1 1 34 0 F. 14 da. 1.95 trace 0.30 6.58 0.30 6.73 0.75 6.03 0.80 6.27 5.45 5.98 
-44-0 1-1.-r-1-I·-g-:-: 1--g:-lJ-I-,-,~-;~-~-I~--I-----n-o-ne--6-.1-0--3-.8-0--6-'0-5-I-n-o-ne---5'6-1-J-n-o-ne-I-5'9-5--1-9'-00- 1 -5.-16-1--1-- ~ ------------------------------------- --------------
1 
2 da'l 1 1 5.05 6. 16 1 3.70 6.15 0.50 6.41 1 I 1 50 0 11. 4 cta. 12.15 5.88 9.75 5.30 none 6.08 4.70 5.90 none 5.55 1.60 5.92 17.60 5.41 16.65 5.45 
7 cta. 12.85 5.65 11.45 5.69 3.50 5.97 3.95 6.02 none 5.37 1.30 5.60 21.60 5.26 21.85 5.21 
---;---1 2 da'l 1 1 9.95 5.771 7.50 5.85 r--o:ssI6:02'C---
1
-'-1 I 1--60 0 F. 4 da. 13.45 5.54 10.65 5.59 0.80 5.68 0.49 5.45 1.90 5.21 7.00 5.42 25.15 5.17 27.70 5.21 
7 da. 15.45 5.37 12.45 5.44 1.50 5.60 2.90 5.58 none 5.16 4.60 5.20 27.40 4.95 28.50 5.04 
70 0 F.1 ~~~:I-~-U-~I-~-k~-n- 1 1 ,--1-1-1-]--1---
*A01C + Acz acetylmethylcarbinol plus diacetyl expressed as mg. of nickel dimethylglyoximate per 400 gm. of butter. 
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than at the lo,,-er temperatures. At 50 °, GO °, or 70°F., increases 
commonly occurred, and some of them were very conspicuous. 
The largest yields "'ere obtained at GO°F. in trials 9 and 10, 
but relatively large amounts were also produced at 70°F. in the 
only trials at that temperature. In most of the trials the amounts 
of acetylmethylcarbinol plus diacetyl produced at 50°F. were 
nearly as large as at GO °F. At these temperatures the maximum 
production was usually found after 7 days, "'hile in the two 
trials at 70 °F. there was · a decrease from the fourth to the 
seventh day. In trial 7 (the only churning made from sour 
cream) the butter contained a comparatively large amount of 
acetylmethylcarbinol plus diacetyl at the churn, but showed very . 
little or none after the various holding periods so that a reduc-
tion rather than an increase took place. 'l'he pH of the butter 
held at 44°, 50 °, or GO °F. was gradually reduced while at lower 
temperatures not much change occurred. A low pH commonly 
accompanied a large production of acetylmethylcarbinol plus 
diacetrl. 
'rhe comparative changes in acetylmethylcarbinol plus diacetyl 
contents of unsalted and salted butter are illustrated by data 
presented in table 2; ,,,ith each trial the unsalted and salted 
butter {;ame from the same churning. In general the results 
obtained on the unsalted butter are similar to those reported 
in table 1. 'rhe acetylmethylcarbinol plus diacetyl content in-
creased decidedl~· at the higher holding temperatures in trials 
1, 2 and 4, but no such increase was noted in trial 3; the pH of 
the unsalted butter was gradually lowered at the higher tem-
peratures, while not much change occurred at the lower temper-
atures. With the salted butter there was no significant production 
of acetylmethylcarbinol plus diacetyl except in trial 4, and then 
the production was small. The butter used in this trial was 
made for exhibition, and the salt content was kept low. The pH 
of the salted butter ,yas slightly lower than that of the unsalted 
butter at the churn. It changed very little under the holding 
conditions used, the greatest decrease occurring in trial 4. 
Results showing the influence of the salt concentration on the 
changes in the acetylmethylcarbinol plus diacetyl content of 
butter are given in table 3. In the unsalted butter the largest 
amounts of acetylmethylcarbinol plus diacetyl were again pro-
duced at the higher temperatures; in trial 1 the increase in 
acetylmethylcarbinol plus diacetyl was preceded by a decrease, 
and in neither trial was the increase as large as in some of the 
previous trials. 'l'he pH of the unsalted butter was lowered at 
44 0, 50°, or GO °F., while not much change occurred at 0° or 
33°F. Salted butter in both trials showed no significant increase 
in acetylmethylcarbinol plus diacetyl. These materials c1isap-
TABLE 2. COMPARATIVE CHANGES IN THE ACETYLMETHYLCARBINOL PLUS DlACETYL CONTEN'f AND THE pll OF 
UNSAL'l'ED AND SALTED BUTTER AT VARIOUS HOLDING TEMPERATURES. 
Holding 
conditions 
'l'emp. 
0°1'. 
34°F. 
50°F. 
60°F. 
70°F. 
'rime 
At 
churn 
28 d". 
7 da . 
14 da. 
2 da. 
4 da. 
7 da. 
4 da. 
7 da. 
4 da . 
7 da. 
TRIAL 
Unsalted Salted Unsalted Sailed 
Amc \ pH Amc pH Amc pH Amc I pH 
+ + + + 
Ac,* AC2 A"" AC2 
1-------- ----
0.35 1 7.11 none 6.86 0.40 6.53 0.35 I 6.33 
none 
none 
1.15 
7.14 none 6.86 
7.18 I none I 7.09 
7.07 0.30 6.85 
none I 6.64 none I 6.44 
none 6.48 none 6.31 
Unsalled Salted Unsalted 
pH Amc pH 
+ 
4 
Salted" 
Amc 1 pll 
+ A~'c I pH A~'c I 
ACJ AC2 
---.---- ---1----+----1----+----
none I none I 
ACJ Ac, 
6.80 1.05 1 7.75 1.60 1 7.51 
~n;; none I 6.30 
- - -1----1---1---1------- ----1- -
I I ~~~e ~:~ 5.70 6.67 2.25 7.36 
11.05 
12.40 
I 
12.90 I· 0.64 
5.89 
5.77 
5.46 
5.67 
.___ ___ 0.50 · 6.34 none 6.74 6.10 6.28 1.40 7.36 
none I 6.96 10.60 5.66 none I 6.39 0.95 5.85 8.00 5.90 2.40 7.33 
none 6.97 11.20 5.48 none 6.29 0.15 5.64 none 6.82 3.40 5.72 2.20 7.30 
none 
none 
6.83 
6.91 
8.80 
5.90 
5.30 
5.20 
-------
none I 
none 
6.33 
6.18 
*Amc + ACJ = acetylmethylcarhinol plus diacetyl expressed as mg. of nickel dimethylglyoximate per 400 gm. of hutter. 
**Low salt butter made for exhibition. 
~ 
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'1'AllL~ 3. TIlE INFLU~NCE 01" '1'l1E SAL'1' CONCBN'l'RA'1'lON ON 'l'lIE CHANGES IN 'l'IlE ACE'l'YLME'l'lIYl;CARJ31NOL PLUS 
DIACE'l'YL CON'1'EN'l' AND THE pH OF BurrER A'l' VARIOUS HOLDING 'rEMPERA'1'URES. 
------------
- ----- ------~ 
----------
'l'RIAL 
Holding 
conditions 1 2 
Unsalted % Salt Unsalted % Salt 
0.75 1.5 2.5 1.0 2.5 
A~c I pH A'rc I pH A:;c I pH A'rc I pH Arnc pH Amc L A:;c I pH tfemp. Time + + AOJ* AC2 AC2 A~ AC2 Ac, AC2 
------~: 6.21 1---:'----At 1.00 I 6.48 2.10 I 6.11 churn 1.45 6.25 0.85 6.10 2.40 6.32 2.40 6.14 
OaF. 28 da. 2.15 6.51 1.40 6.39 l.1sl6:38 1.05 6.44 3.20 6.45 3.05 6.50 2.8Ol6.41 
----
33°F. 14 da. 0.03 J 6.43 0.80 I 6.34 1.5016.25 1.05 6.33 0.20 6.25 2.00 6.25 1.95 1 6.25 
----i-o:6Sl~ 7 da. none ~04 0.16 I 6.18 1.30 6.36 4.50 5.80 2.35 6.30 0.90 6.31 
----i-~16.21 44°F. 14 da. 0.50 5.83 none 1 6.20 0.85 6.14 1.90 5.68 2.00 6.23 1.20 J 6.26 
----i-
-;;;-16.18 2 da. none 6.23 0.95 1 6.27 1.20 6.16 5.50 5.94 1.30 6.25 1.55 ~ 
----i-
-;;;-16.22 - I 50°F. 4 da. 1.45 5.83 0.85 I 6.13 1.05 6.25 7.80 5.64 1.70 6.07 2.05 6.08 
----i-
0.30 1 6.23 0.45 1 I 7 da. 3.20 5.62 none I 5.95 6.15 8.20 5.48 1.45 6.18 2.20 6.27 
----i-1.8ST6.16 1.70 I I 2.30 6.25 2.00 1 6.25 2 da. none 5.80 0.95 I 6.07 6.12 7.10 5.66 
I 1 I ---;-------60°F. 4 da. 4.20 5.53 trace 5.93 1.30 6.18 1.10 6.25 7.70 5.58 1.10 1 6.07 1.45 I 6.12 
I I I 7.70 I 5.29 
------1---:----
7 da. 8.40 5.22 none 5.90 0.50 6.17 0.30 6.15 1.40 I 6.21 1.95 I 6.28 
*Amc + Ac~ acety lmethylcarbinol plus diacetyl expressed as mg. of nickel dimethylglyoximate per 400 grn. of butter. 
~ 
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peared rather quickly in the butter containing 0.75 percent salt 
at 44°, 50°, or 60°F.; the pH was also slightly lowered at 50° 
or 60°F. In general, the amounts of acetylmethylcarbinol plus 
diacetyl in the butter containing 1.0, 1.5 or 2.5 percent remained 
fairly constant and the pH also remained approximately the 
same. 
Table 4 presents data on the influence of the amount of butter 
culture used in the cream on the changes in the acetylmethyl-
carbinol plus diacetyl content of unsalted butter. As would be 
expected, the amount of acetylmethylcarbinol plus diacetyl in 
the butter at the time of churning increased with an increase in 
the quantity of culture added to the cream. In trial 1 the increase 
in the carbinol plus diacetyl was much greater with 10 or wilth 
20 percent culture than with 5 percent, and the increase occurred 
more quickly with 20 percent than with 10 percent. As in the 
previous trials on unsalted butter, not much change occurred at 
0° or 33°F., but conspicuous increases were apparent at 50° 
or 60°F.; at 44°F. increases were definite with 10 and with 20 
percent culture but not with 5 percent. In trial 2 there was a 
general decrease in acetylmethylcarbinol plus diacetyl, and an 
increase in these materials did not occur even at the higher 
holding temperatures. With bOith trials the pH of the butter was 
lowered in the usual manner at the hig'her temperatures, and, 
in general, the decrease in the pH was in proportion to the 
quantity of culture added to the cream. 
Results on the influence of added citric acid-fermenting 
streptococci on changes in the acetylmethylcal'binol plus diacetyl 
content of butter made with culture are shown in table 5. Three 
different strains of citric acid-fe1rmenting streptococci were em-
ployed. The organisms were grown in sterile milk for about 48 
hours a,t 70°F. and then transferred into pasteurized milk; this 
milk was incubated for 24 hours at 70°F. after which the cultures 
were added to the cream along with the usual butter culture, 
and the mixture churned after being held cold overnight. In 
trial 1 the greatest production of acetylmethylcarbinol plus 
diacetyl occurred in :the butter made from the cream to which 
15 percent butter culture and a citric acid fermenter had been 
added, while the smallest production occurred in the butter 
made with 5 percent butter culture. As in previous trials the 
largest quantities of the carbinol plus diacetyl developed in 
butter held at 50° or 60°F., while at 0° or 33°F. these materials 
tended to decrease in amount. The pH decreased in all cases 
when the butter was held at 40°, 50°, or 60°F., but there was 
little change at the lower temperatures. A conspicuous produc-
tion of acetylmethylcarbinol plus diacetyl occurred only at a 
low pH. In trial 2 the greatest production of acetylmethyl-
'fABLE 4. THE INFLUENCE OF THE AMOUNT OF BU'f'J."ER CUL'!'URE USED IN THE CREAM ON THE CHANGES IN TI-IE 
ACETYLMETHYLCARBINOL PLUS DIACETYL CONTENT AND THE pH OF UNSAL1'ED BU1vrER AT 
VARIOUS HOLDING TEMPERATURES. 
- ------ ------------------------ ------ -
TRIAL 
Holding 
conditions 1 2 
_. 
I Percent butter culture used Percent butter culture used 
5 10 20 5 10 20 
Temp. 'rime 
Arne pH Arne 
I 
pH Arne pH Arne pH Arne pH Amc I pH + + + + + + 
Ac?* Ae2 Ac, Ac, Ac, Ae2 
At ~ churn 0.75 6.50 2.05 6.25 5.55 6.03 1.25 6.71 2.60 6.48 3.35 
---
I 
I OaF. 28 da. 0.10 6.61 1.60 6.50 4.60 6.15 none 6.70 1.37 6.55 2.74 6.15 
- ----
33°F. 14 da. 0.70 6.55 2.15 6.32 3.95 5.99 none 6.55 none 6.21 none 6.11 
7 da. none 6.00 3.45 5.80 8.50 5.47 none 6.49 none 6.08 none 6.11 
44°F. 14 da. 0.80 5.75 5.00 5.60 7.90 5.40 none 5.89 0.45 5.70 none 5.78 
2 da. 1.00 6.28 2.90 
I 
6.07 6.50 5.71 none 6.48 none 6.25 none 6.07 
50°F. 4 da. 2.20 5.84 7.90 5.78 10.60 5.50 none 6.20 0.10 5.98 0.05 5.87 
7 da. 3.30 5.63 14.00 5.53 12.15 5.36 none 5.88 0.55 5.75 none 5.80 
------
I I 
-
2 da. 2.70 5.75 5.60 5.57 9.80 5.30 none 6.36 0.30 6.10 none 5.96 
60°F. 
I 
4 da. 4.15 5.54 11.20 5.35 11.60 5.14 0.20 5.82 1.75 5.69 0.35 5.59 
7 da. 3.50 5.41 . 11.20 5.26 10.25 5.08 0.45 5.56 1.85 5.48 0.20 5.37 
--
'Arne + Ac, acetylmethylcarbinol plus diacetyl expressed as mg. of nickel dirnethylglyoximate per 400 grn. of butter. 
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'fABLE 5. THE INFLUENCE OF ADDED CITRIC ACID·FERMENTING STREPTOCOCCI ON THE CHANGES IN THE ACETYL· 
METHYI,CARBIl\OL PLUS DIACETYL CONTENT AND THE pH OF UNSALTED BUTTER 
Holding 
conditions 
Temp. 
0°1'. 
33°F. 
44°F. 
50°F. 
60° F. 
Time 
At 
chum 
28 da. 
14 da. 
~ 
fl4da. 
2 da. 
4 da. 
7 da. 
2 da. 
4 cia. 
7 da . 
*Amc + Ac~ 
5% 
AT VARIOUS HOLDING TEMPERATURES. 
Butter culture used 
15% 
15% plus 
organism 
02 5% 
'tRIAL 
2 
Bu tter culture used 
15% 
15% plus 
organism 
D2 5% 
Butter culture used 
15% 
15% plus 
organisms 
M29 and D2 
Arnc pH Arne I pH Amc I pH Amc pH Amc pH Amc pH Arnc pH I Ame I pH I Am" pH 
+ + + + + + + + + 1 Ac? Ac, Ac, Ac, Ac, I Ac, ACJ f Ac, l Ac, 1--------------------
0.05 6.63 2.95 I 6.31 2.60 I 6.27 1.20 6.80 4.00 6.39 3.65 6.32 1.40 6.76 I 2.45 6.41 I 3.60 I 6.25 
0.70 6.80 2.65 I 6.48 2.40 I 6.45 1.30 7.05 3.35 I 6.55 3.70 6.48 1.35 I 6.96 I 2.60 6.67 I 4.10 I 6.43 
none 6.39 none I 5.95 0.45 1 6.05 none 6.41 5.45 I 5.85 2.40 I 5.70 none I 6.33 I 2.00 6.56 I 0.75 I 5.81 
none I 5.80 5.20 ~ 8.80 5.S5 2.20 6.02 7.40 r5.SS--s:roJs:52 3.00\ 6.12 12:3S"'6:5415.80r 5.6S 
none I 5.84 2.05 I 5.58 """"6.1S----s:48 1.90 5.83 7.90 I 5.46 3.70 I 5.38 J:"25" 5.83 1----z:656.5Ol14.65-~ 
____ _:._ __ ______ . __________________ ----.J _____ _ 
none 5.95 ~.65 5.73 5.90 I 5.63 2.85 6.22 7.80 I 5.67 6.25 I 5.62 0.90 I 6.45 I 2.75 6.57 112.85 I 5.84 
_________________ , ________________ .....:::.::...J _ _ _ __ 
.... 5.85 7.55 5.73 11.30 I 5.62 2.70 6.24 9.15 L.~.:~~~ ~..I~I~~ 22.20 ~ 
1.85 5.60 8.15 I 5.35 ~-.::~. ~~ 9.25 5.48 5.00 T 5.44 ~Is~~ 22.00 .....:.~ 
1.90 5.72 6.85 I 5.52 9.90 I 5.38 ~~ ~_~ 6.90 J~ ~L~.:.~J 2.30 6.55 17.95 5.68 
1.75 5.62 8.30 I 5.44 11.70 I 5.25 4.50 5.95 11.20 5.48 6.20 I 5.46 5.60 1 5.62 1 2.75 6.45 22.65 5.38 
-1------ 7.6sl- - ~-----
2.25 5.16 8.25 I 5.12 14.20 I 5.08 7.25 5.59 10.90 I 5.27 7.65 I 5.22 4.70 5.55 2.40 6.51 21.30 I 5.21 
acetylmethylcarbinol plus diacetyl expressed as mg. of nickel dimethylglyoximate per 400 gm. of butter. 
<:.Jl 
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carbinol plus diacetyl did not occur in the butter made with 15 
percent butter culture and the citric acid-fermenting organism; 
the largest amounts were formed in the butter made with 15 
percent butter culture, while the smallest amounts developed 
when 5 percent butter culture was used. 'l'he influence of tem-
perature on changes in the acetylmethyloarbinol plus diacetyl 
content and in the pH was essentially the same as in previous 
trials. In trial 3, the largest production of acetylmethylcarbinol 
plus diacetyl occurred in the butter made with 15 percent butter 
culture and the citric acid fermenters. More acetylmethylcar-
binol plus diacetyl developed in the butter made with 5 percent 
butter culture than in that made with 15 percent butter culture; 
in the latter butter there was very little change in the acetyl-
methylcarbinol plus diacetyl content even at the higher holding 
temperatures. rfhe usual decrease in the pH occurred in the 
butter, except that made 'with 15 percent bubter culture in which 
only a negligible change was noted. 
When the various lots of butter were analyzed they were also 
examined for flavor and aroma. rfhe unsalted butter that had 
been held at the higher temperatures commonly showed a con-
spicuous flavor and aroma when compared with butter from the 
same chui'ning that had been held at the lower temperatures, and 
there appeared to be a general correlation between a pronounced 
butter cultme flavor and ,aroma and a high content of acetyl-
methylcarbinol plus diacetyl. The difficulty of evaluating flavors 
and aromas made exact comparisons difficult. With the salted 
butter the effect of the temperature of holding on the flavor 
and aroma was much less definite although in some cases the 
butter seemed to have a somewhat more pronounced flavor and 
aroma after holding than when it was fresh. Occasionally, both 
unsalted and salted bUJtJter appeared to have lost some of the 
desirable flavor and aroma. 
DISCUSSION OF RESULTS 
The production of acetylmethylcarbinol plus diacetyl and the 
lowering of the pH in unsalted butter at relatively high tempera-
tures suggest that essentially the same changes take pLace in this 
product as in butter cultures. The correlation between the two 
types of changes is also in agreement with the situation in butter 
cultures. While a large production of ,the carbinol plus diacetyl 
in unsalted butter was accompanied by a higher pH in the serum 
than a corresponding production in a butter culture, the value 
obtained on the serum represents a composite of the pH values 
of many moisture droplets that undouhtedly varied in composi-
tion, depending on the extent of bacterial action in them. The 
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production of acetylmethylcarbinol plus diacetyl may haye oc-
curred only in those droplets which ,,,ere relatively acid, although 
some of the quan1tLties found in butter seem too large for this. 
'1'11e decrease in the acetylmethylcarbinol plus diacetyl con-
tent of unsalted butter, either pTeceding or following an increase, 
is in agreement with the disappearance of these materials in 
butter cultures and was due, PTesumably, to the reduction of 
the acetylmethylcarbinol 01' diacetyl to 2,3-butylene glycol by 
the citric acid-fermenting stTeptococci (2) . 
In the trials in which little or no acetylmethylcarbinol plus 
diacetyl was produced in unsalted butter at relatiyely high tem-
peratUTes it seems probable that the culture used was respon-
sible; since the pH commonly decreased in the usual manner 
. there may have been relatively few citric acid-fermenting organ-
isms so that only a limited number of moisture droplets con-
tained a flora capable of producing acetylmethylcarbinol plus 
diacetyl. Variations, from CLay to day, in a butter culture car-
ried under caTefully contl'olled conditions occur so frequently 
that variations in cultures carried under plant conditions are 
to be expected. 
The failure to obtain significant increases in the acetylmethyl-
carbinol plus diacetyl content of salted butter is what would 
be expected from the restraining effect of salt on the butter 
culture organisms (4) . Probably this restraining aetion also 
pTevented the rapid disappearance of these materials that were 
present in the butter at the churn. Sodium chloride (12 per-
cent) has been shown to delay the reduction of acetylmethyl-
carbinol to 2,3-butylene glycol in butter cultures (2). In this 
connection the Telatively r.apid disappearance of acetylmethyl-
carbinol plus diacetyl in the one lot of butter containing only 
0.75 percent salt is of special interest. 
,V11ile conspicuous amounts of acetylmethylcarbinol plus 
diacetyl did not develop in any of the salted butter, the very 
slight increases in these materials ,that appaTently occurred in 
some instances may have been of importance from the stand-
point of the flavor and aroma of the butter, and changes of this 
type may account for the higher flavor and aroma in salted 
butter after short holding than when it is fresh. On the other 
hand, the disappearance of such flavors as a heated one during 
holding may result in the butter cultuTe flavor and aroma being 
more prominent. 
The increase in the acetylmethylcarbinol plus diacetyl content 
of butter with an increase in the amount of butter culture used 
in the cream suggests that, with the general manufacturing pro-
cedure employed, the flavoring materials in the butter come 
largely from the culture Tather than from changes in the cream 
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during holding. From studies on New Zealand butter made 
from slightly ripened cream, Brurnicoat (1) concluded: It ap-
pears that most of the flavoring marterials were added with the 
starter rather than formed during the mild ripening. 
Relatively large increases in the acetylmethylcarbinol plus 
diacetyl content of unsalted butter, when comparatively large 
amounts of culture were used in the cream, may be due to the 
infection of a large number of moisture droplets which results 
in more extensive bacterial action in the butter. Since Strepto-
coccus lac tis makes up a much larger percentage of the flora 
of a butter culture than the citric acid-fermenting streptococci, 
the addition. of the latter organisms to cream along with a butter 
culture would be expected to provide conditions satisfactory for 
the production of the carbinol plus diacetyl in a comparatively 
large number of the moisture droplets. 
The development of acetylmethylcarbinol plus diacetyl in un-
salted butter held under favorable temperature conditions sug-
gests that a short ripening period may be desirable for commer-
cial unsalted butter from the standpoint of obtaining flavor and 
aroma. ·While the usual handling conditions give some oppor-
tunity for the growth of desira:ble bacteria in this produc:t, a 
greater opportunity might result in ,the butter having more flavor 
and aroma. It should be recognized, however, that when condi-
ti<lnsare favorable for the development of the butter culture 
organisms they are also satisfactory for the growth of various 
species that cause definite deterioration in butter so that, if a 
butter ripening I)TOcedure is employed, special attention should 
be given to the microbiological condition <If the butter. The 
possibility of a decrease in acetylmethylcarbinol plus diacetyl 
following an increase should also be taken into consideration in 
deciding on the time of ripening. 
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